NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



WARTIME RKPORT 

ORIGINALLY ISSUED 

November 19^2 as 
Restricted Bulletin 

EFFECT OF NORMAL PRESSURE CN THE CRITICAL 
COMPRESSIVE STRESS OF CURVED SHEET 
By Norman Rafel 

Langley Memorial Aeronautical Laboratoi^ 
Langley Field, Va. 



NACA 

WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 



L - 258 



MTIOUAL AD7IS0HY COMMITTEE TOR AERONAUTICS 



EFFECT OF IIOHMAL PEE3SU?E ON THE CRITICAL 
COMPRESSIVE STRESS OF CURVED SHEET 
By Ncrman Rafel 



In order to study experimentally the effect of normal 
pressure on the critical compressive stress for thin 
curved sheet, two Bpeciuens v/ere constructed, as shown in 
figures 1 and 2. Thes3 specimens tire designated "by their 
respective rit spacingii of 10 inches and 30 inches. 

shown in figure 3, e'lch specimen was tested with 
flat ends in the 1 , 200 , COO-pound-capac i ty testing niachiue 
in the ITACA structures reseax^oh laboratory. The loading 
head of this machine is laterally supported during tests 
by the heaver side cclUinns of the machine in such a manner 
as not to affect the accuracy of load measurement. The 
ends of the specimen were ground fiat and parallel in a 
planer specially adapted for this purpose. The detailed 
operations of finishing the ends of the specimen and the 
loading of it v.^ere planned so as to give uniform strain 
distribution throughout the specimen: strain distribution 
during the test was checked by wire-resistance-type strain 
gages. 

Normal pressure v/atj applied by admitting cojipressed 
air into the specimen, A mercury manometer calibrated in 
pounds per square inch was used to measure the pressure 
inside the specimen. 

The results of the tests are presented in figures 4 
to 6, from v/hich the following conclusions are drawn: 

1. Loading of the specimen until buckling occurrr3d 
at any one normal pressure did not appreciably injure the 
specim'-^n for additional tests at different pressures, as 
evidenced by the experimental points in figure 4, where 
the numbers 1, 2, 3, etc. indicate the order in which the 
tests were made on each specimen. The specimens were com- 
pletely unloaded after each test. 

2m An outv/ard acting normal pressure very appreci- 
ably raises the critical compressive stress for unstiff- 
ened curved sheet. (See fig. 4.) 
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3. The absolute increase in critical compressive 
stress caused by normal pressure is not greatly different 
for the two rib spacingr; of 10 inches and 30 inches tested. 
(See fig. 5.) On r percenta^^e basis, hovever, the in- 
crease in critical compressive stress caused by normal 
pressure is much .greater for the 30-inch rib spacing than 
for the 10-inch rib spacing. (See fig. 6.) 

4. The critical con-.pressive stress seems to be inde- 
pendent of whether the normal pressure is held constant 
and the compressive stress is increased until buckling 
occurs or the compressive stress and normal pressure are 
maintained at a constant ratio during loadinr. (See fi^. 

7 . ) 

5. The compressive stress - normal pressure curve 
at which the buc]:les di sappe:.:.r ed on unloading'; is alv/ays 
below the compressive stress - normal pressure curve at 
which the buckles appeared. (See fig. 8.) 

S. The relationship botv/een compressive stress and 
normal pressure at which buckles disappeared is independ- 
ent of whether the buckles were made to disappear by in- 
crease of normal pressure or decrease of comprer,sive 
stress. (See fig. 8.) 
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Figure I -5pQomen v^ifh 10- inch rib spacing. 




Figure Z- 5pecimen with 50 -inch rib 5poanq. 
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Fig. 3 
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"igur-r- Specirren with 30-inch rib spacing buckled 

in 1,200,000 = pound oapaoity testing machine. 
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yiguro 4.- Effect of normal pressure on critical compressive stress. 




Figure 5.- Increase in critical compressive stress caused "by normal 
pressure. 
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fig. 6 




Outward acting nomal prjssurc, lo/sq in. 

Figure 6.- Percontage incroatie in critical coniprGssivc stress causod "by 
normal pressure. 
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Fig. 7 
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Oatward cactiii;?; nonrial pross-iro, 11:7 so i?:.. 



Fi^iro 7... ^ilffoct of mothods of load and pressure application on critical 
compressive stroos . 
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B"ickles appcarod; pros sure constant, 
axial load incrcasin^^r 



Buckles -lis'^pp oared; pressure 
constant , axial lo-i.d docroasing 

^ Buckles disappeared; axial load 
, constant , pressure increasing 
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OutY/ard actinf; norii'al pressure, It/ sq in. 



Figure 8.- Comparison of cenprcssivo stress at which huckles appeared and 
disappeared. 



